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AMINO ACID RACEMISATION DATING OF A RAISED GRAVEL BEACH DEPOSIT, 
SELLICKS BEACH, SOUTH AUSTRALIA 



by C,V, Murray-Wallace* & R.P, Bourman^ 



Summary 



Mukkay-Waluaci'. C’.V. & Bourman, R.P. (2002). Amino add racemisation dating of a raisod gravel beach 
deposit, Scl licks Ucadi, Soiilh Australia. Tion.i. R. Soc^ S. Aust. 126 ( I ), 21-28, 3 1 May, 2002. 

■flic extent of raeeini.sation (total add hydrolysate) of the amino adds aspartic acid, glutamic acid, leucine, 
phenylalanine and valine indicates a minimum age ol last interglacial for fossil niollu.scs ocetiiTing within a 
raised gravel beach deposit at Sellieks Beach, South Australia. I'he base of the raised gravel beach occurs up to 
5.5 111 above Australian Height Datum (AHD) and possibly indicates 3 m oflocal uplift since ihc last interglacial 
maximum (c. 125 ka; Oxygen Isotope Substage 5c). Emergence of the gravel beach is atlribtited to ongoing 
ncotcctonic uplift of Fleuricu Peninsula, 

Ri Y WoRDSi amino acid racemisation, last interglacial, neotectonics, sea-levels. South Australia. 



Introduction 

A resurgence of interest in recent years in 
(Jtiiiterniiry emergent shoreline successions has 
ari,sen from the increasing ability to detemiine the 
age of these rcatiires due to technological advances 
in geocliroiiology (Rutter cV Catto 1 995; Noller ct al. 
200(1). Similarly, an increasing awareness that 
coastal siiccc.ssions, particularly those deposited 
during the last interglaciation (c. 125 ka). are 
suiriciently old to quantify even modest rates of 
neotectonism, has bolstered this research endeavour. 
Accordingly, the elevation of last interglacial eoaslal 
deposits has been widely used as a benchmark to 
delineate recent tectonic beliaviotir at continental 
scales (Murray- Wallace & Bclperio 1991; Ota 1994; 
Botinnan el al. 1 999; Zazo e! al. 1 999). In this work, 
the age of a raised beach deposit at southern Sellieks 
Beach, South Australia, is determined based on the 
extent of racemisation of several amino acids williin 
molluscs from the fossil assemblage. In addition, (he 
ncotcctonic significance of this deposit and its 
relation to other emergent shoreline deposits on 
flcurieu Peninsnia is examined. 

Materials and Methods 

I'iclil iitvc.sli^ulioii.<i 

The elevation and lateral extent of the gravel beach 
deposit was surveyed to Australian Height Datum 
(AlID) using an autumatie level. In addition to a 
general field description of (he deposit, shell samples 
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were colleetcd for amino acid racemisation dating and 
to document the fossil mollusc assemblage. Species 
identiHeation followed that set out in Ludbrook (I9S4). 

Amino acid racemi.salion amilyse.s 

Samples of fossil niollu.scs for amino acid 
racemisation analyses (total acid hydrolysate) were 
collected from the gravel beach deposit. Shells were 
removed from the matrix of the deposit and their depth 
of burial recorded. Analy.scs were undertaken on 
specimens of Patella (Sciitella.sira) lalicoslata 
Blainville, Thai.<i oi'hila ((imelin), Sydaphera imdiilala 
(Sowerby), Nen'la (Melanerila) a/rametuo.sa Reeve 
and O.sirea sp. Linnaeus. 

Sediment adhering to (lie surfaces of shell samples 
and diagenetically modified aragonite, particularly 
chalky surfaces, wei'e removed with ti dental drill, 
followed by successive washes in distilled water using 
an ulti'a.sonie bath. A dilute aeid etch (2 mol HCT) was 
subseqtiently undertaken to remove the outer surfaces 
(e. 10-1 S'ri) by mass) of the shells that had been in 
eontaet with the host sediment. Samples were 
subsequently hydrolysed for 22 hours at 1 10° C in 8 
mol MCI. Following cation exchange isolation ol'lhe 
amino acid residues, samples were freeze dried and 
dei'ivatized. Chromatography ol' the N-penta- 
lluropropionyl D, L-amino acid 2-piopyl esters was 
performed using a Hewiett-Paekard 5890A Series II gas 
chromatograph with a fiame ionisation detector and a 
25 m coiled, fused silica eapillaiy eolumn coated with 
the stationary phase Chirasil-L-Val. ftill details ol' the 
analytical techniques followed in this work are reported 
elsewhere (MuiTay- Wallace 199.3). Enantiomeric ratios 
were detennined for the amino acids aspartic acid 
(ASP), gltifamie acid (GLU), leucine (LEU), 
phenylalanine (PHK) and valine ( VAL). 
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I it' 2 . Vikiw liiiikiii;: muhIi iikmy tumilitTii SL-llit.ks Rciich 
l(‘\suril'» lilt' suiilliL'ni Adt-hiiilf Hills iind cnustiil tiills 
ik'sck>pt.'il on 1’k'i.iliii.vnv; nlliivini Inn sncLvssions, I lie 
losaiion iil'tlv Qistd ktiic'li ik'posii, uhith octins in Iki; 
stiif)) Idol A'lw IS indicLilal kv an umns. 




rig. 4 A sluiiv-norinal view of ilia riiisad giiivol liaash 
tleiiosil 111 Sdliaks Hcaali, I lia ilaaply dipping ( lalnv 
C oVL I ormaiion is sdsililc near ilia sni ray sinli. Tlia sijiT. 
witiali is iVilly o.Manded. is 5 m long 

(kM)ni«rpholu»ii;ul Selling And 

Site Description 

The |•:li^ed giaiel hcacli deposit is sitiiiiled nenrlhe 
Willunea I- unit al llic soulhern-mosl purl ol Sdlieks 
Ileaeli 2 I ' Od.S" S; 1 3S" 2(r' 07,5" K), lamlvvard 
til'a niodern. yenlly seiiuflrd sloping iiuerlidal shore 
phukinn (I igs I, 2). I he inodcrii inierliilal plallorin 
is iipprosimiUcly 2() m wide in a shore-normal 
Iranseel, is. parliiilly covered with boulders and 
eohbles ami represents a model n analogue tor the 
relict platlbrin (I ig. 3). An ueeiinuilalion orhoiiklers 
and cubbies ocenrs at the loot ol'tltc niodern clilT'and 
icpresenls a liirilier modern analogue ol’ the raised 
beach dcposii. I he emeigent gravel beueh laeics 
rests on a strongly eroded remnant of a shore 
pkitloi'm that is developed on the steeply ditipinu 
Oligii'Mioeene I’orl Willupga Beds (Daily e) iiJ. 







l ig. A View kioking voLilhwevi low. nib ihc raised gravel 
lie.'ieh depiisii al Selliek.s Ileaeh lire gravci.s rcsi 
iineonro''iniihly on the Oligo-Vliotene I'ori W'illniiga 
beds and die Middle I’leisUicene < )ehre (. ove I ormaiion. 
I'hc gravel deposit dips genily seiivvafds. the 
iincoiiki- indy snrliiee repivseiils a leliii iillerildiil slltiiv 
plaikinn. I ke modern iiiieriiikil plairorni neeurs In die 
kircgroiind. dips gendv seawnnl and is partully uwered 
by boulders and eohbles. Ihc inaMiiiinn diireieiiee in 
elev adoii beivveen die two pliilkiims is A in ns deieriniiicil 
in die mo.st landward esposnic. mil visdile in llns 
pitoloerapli. Small, i.solaied sea sineks represenline 
erosional reimianis of Ihc kinneily more eviensive 
I’leisioei'iie shore plaildmi icair vvilhiii (Ins area (e.g. 
"a" in the middle disianec). 

I')7f>l. and in part, a steeply dipping portion ol the 
Middle Pleisloeene Ochre I tive I oimatioil (Ward 
IVWi; Pillans tV Boiinnan 1996; l igs 3. 4, 5 1. The 
cruvel deposit occurs within a Ibimei scarp loot /one 
eveavated al tl time of higher .sea level, and abuts 
tanglomeraies id the (.)elire k ovc I orPialioii ( May &. 
Bourmad I9S4). 

Ihe bedrock surrace on which (he gravel beach 
lades rests, grades in a scavvutd direction liom 5.55 
in to 4,95 111 above .Aiislraliiin I leiglil Daliim (A HD). 

I hc platrorm cMcmls mil seaward iVoill the deposit 
some M .5 m roriniiig a well-detlned bench (l-'ig. 6), 
The gravel beach lacics crops oni mei n shorc- 
piirallcl disUiucc ol approsimaiely 50 m, and ranges 
Ml thickness between I and 1.5 m (Hg, 6). 

I'he gravel depo.sii is poorly soiled and comprises 
siib’iouiKled to siibangiilar clasts of silislonc, 
i|iiari/,ile and bryo/.oal limestone that range iVom 
boulder lo pebble sr/.e, although the modal clast size 
is boiilder-eobble (700-70 mm). Hie lilhoclasts are 
lightly packed. Numerous entire and fragmeidal 
fos.sil miilluses occur vvilhiii ihe gianiildr matrix of 
the gravel de]iosi(. 

A pale grey, clean, rree-llovving sand is thinly 
draped over the gravel de|iOsi1 and Ihe underlying 
fangloinerales and extends up lo 2.5 m above the 
upper bounding surface of Ihc deposit. The sand also 
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I ii.'. iV'iail iVom liyiirt 4 sliowinii thi; iiuhil.v |iai.ki.i( 
,irrangtMiH-m ul lilliocla<.)s. 




I iv'. A. Vicss l‘u'kin^ eusinnriheusi slHi\\iii|a pun of iIil- 
NlKirij-puruild liiivrul iaIl-iii of ilio iviisod hoadi iJo|io.hl 
I ho loner "ti " tleiinies llic peneiul level iil ilie ).'i:i\el 
deposit which is :l|'pnoiiiiiulel_v 4 iii iihnve ihe ^truvel 
eo'.ered tboislnpe ol the siiiatl eliH iii the loivyminuL A 
pbnuied snrliice reproseinnie reniiiuiils oT .in iiileniiliil 
shore pl.iilorm is \isihle on the .seuwurd side o| die 
deposit. I’lt‘|s|ueelie kinoloiiieailes ure eviileiU in Ihe 
iippei rmiu-humi portion of ihe phiUopniph "h". I lie 
r.iised heueli deposit is ovei'luiii liy j linn veneer orsiinil 
vvhieh .ilso pnripullj covers die r;iii>:U'iiKrale. bill is 
ililllenh III diseeni in llns pliolo).n;iph. 

occurs vviiliin llic uppennosl ptirl oh the mali ix ol'llic 
gitivcl bctl nciir ihc coniacl liciween die giHvel diid 
llic ovcrlyini! sand A Ihcrmoliiminesccncc aye td' 
'I4().:2.Y kii (VV'23I2) was pieviously rcporlcd lur 
(Ids .saiiilv nidi (Ldmrinun cl ul. I‘)‘)*f). In aiklilion, a 
Kivlniuiiboii awe (ndniinuni ace| oC 30 ka KlaK- 
6005) has previously been ivporlei.1 Ciii innlltiscs 
iVi.im the gravel bcaeli deposil (IVIav & liouriinni 
IdX-ll. 

Uesulls and IMseiissioii 

\tiilhisi - (rvvvnt/i/i/pi’ 

Ihe gravel uidl conlains a relalivelv tliveise 



assemblage of lussjl molluscs, pnneiptdlv 
gastropods, vviildn the soilimcnl maliix. Molluscs 
inebiilc I'ah-llu (Sviilclhisirul luiico.sUilu Blaniville. 
.\kirlra rtili\ccii\ ( Lamarck ), l)\nvu iiii^u\i 
Sovvci'by. Maiioihiilu i.lii\iiyic<iclilcui Ci>ii'ilriihi 
l.amarek, Ncnni t Mcluucrihil iitrimiciiiu\u keevc. 
(yilKiiu'llu lc\iic-nii Iredale: ('oiul\ sp. kinnaeiis. 
Diloina iChlnnnliliiiiHi) tniclaUicu (Pbilippi). 
Benihiriiiiii nii'liiiifi'iniiiKi iGmebn). '^vJtipluTii 
tiinhi/aUi (Sowcrbyi ami opercula of Tiirho sp., 
Linnaeus. Many iif ibc sbells also occur as laiyc 
iVagmcnis. lughl.v abraded and ol iinrecogid/ablc 
alllnily. (. ollcclivcly, Ihc I'ossil as.semblagc iiuiicaio.s 
dcposiiion 111 an cnvlronincni compartihic lo ihe 
inodcrn cuasi til suijibcrii Sellicks Hcacb wiib 
molluscs nnind in sand or tiluiclicd lo rocks, in a 
iclalivciy slidtcicd selling of Ihc lower lilloral /one 
(LutIbronI, |dS4). 

Ddiin^ 

.A generally high degree of aiccmis;il ion 
Icxprcssetl as ,i D l ralio) is evident for the tnc 
different onimliomciic arniiio acids mcasurctl iit 
each of die fossil molliises from the gravel bcacli 
deposil ( fable I ). I he relaliic e.xlcnl of raeemi.salivni 
for the dillerenl aiidno acids, williin the single 
mollusc samples, generally follows the ivlaiion 
V'AI ''l.Ll' Cil IKPI 1 1 vA.SP. Similar irends are 
rcporlcd for liissil molhiscs rn.im United Stales 
Paeilic coaslul plain silcs (I ajtdc cl ul. I‘)K0). 

Ihrcc specimens ol Ptiiclla (Sriiicllusirul 
lulin>\Hiui (sainplcs UW(lA-6d5. pvfp and 7o5) 
levcal good concordance in mciisuivd ciiaidioiiicric 
latlos (i.c. belvvceii-shcll P I ratio variation) vvilli 
coelficieids ol varialion Ic.ss Ilian 5.6"u for all ,imiiio 
acids for (be combined data (aclual values include 
VAl 2.2"';,. I 111 5.0'S,. ASP 0,3'^. Pill.' 1.6% aiul 
til II 5''ir). Ihc colisislcMlIy lower degree ol 
raeemi still on for all ammo acids m llic .specimen of 
l‘ulcllti sp. (sample ll\VljA-0U7), compared wilh the 
olilci Itirec Pulclhi .samples i.s possibly due to llic 
diffusive loss of the more highly rncotniscd lovver 
molecular weight pepiide rraclioii Irom the shell 
earbmiate maltix. .Accordingly, ihe degree of 
laecmisuiion us determined in the lolal tield 
hydrolysitu-. Would lie distiroporlioiialely weigliled 
Inwards (he less laecinised. higher moleeulai wcighl 
pepiide residues (hal remain w'ltliin the shell 
aragoiiile inalrix. This explanation is eonsisleiil wiih 
ihe poorly pivserved nalui e of some ol ihe molluscs 
wiihiii (he gravel deposil (c.g, chalky appearance). 

The higli exlcm of r.Tcemisalion measured in all the 
fossil molluses I'lom (he raised bctieh vleposil far 
cxceevls values tv|iieal|y delenniiieil in Holocene 
fossils I Murray-Wallaec & Hourinan I60u; Murray- 
Wallaee tS: (ioede Ihvff; Murray- Wall ace 2(10(1; 
Table I). I he e.xlcnl of liieemis.iiiun in the molluses 
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tk'poMl. Scllick.t Hi'ikh iincl olliL'r Iih uIUilw for fo'iiptiristm 


Species & 1 oealitin 


l.ab. Code 






.Aniiiio acid 11 Lralio'' 






or |•e^crL•ncc 


VAI 


1 1 U 


ASP 


PI If 


(il V 


.SollioUs Itosich, 
raised hcacli deposit 
Tbni\ iirhilii (eoliiinolla) 


LAVGA-73.> 


D.284J-1 1.021 


0..36O 


0.55010.013 






Syiliij’luTii iiiiiliilcilii 


LlWGA-736 
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0,32210.036 
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['alcllti t ■k'l-iilvl Litirii/ 
hllifll.\UlUt 
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0,340 0,031 
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UVV(.iA-696 


0.4 1.Z 


0.3821 0.021 


( 1 . sot M 0,004 


0,7*),S±o.020 


0.0(10 0.008 


hllifllSU Ikl 

1‘tilfl/t.i iSrtih'lliiMtii) 


U\VGA-6't.s 


0.403 I0.(>0.i 


0.331 10.007 


0.7'lo 10.007 


0.77710.017 


().557tI, 1.002 


Itllkll.tlulkl 

I'lilflhi lSnik-lhi\lni) 
la/ifii\kiki 


U\VGA-7(i3 


0.42U0.O0S 


0.320-0.0IG 


0.S04I0.0OI 


0.7701 O.OOO 


O.OlliO.OOO 


\\riki (Mi’hnicHki) 


UVVGA-766 


0..^Si)i().O0S 


O.-ll 1 0.01 III 


0.702 J 0.020 


0.500A).005 


0.(i7l 10,006 


tilrtiiiiciikiMi 
t i'ttiyo sp. 


ll\VGA-76l? 


(LtOsiO.OlO 


0.-10310.01.3 


0.S33±().(I23 


0.72710.0U8 


0.780+0,026 


laite Pleistocene, 
Olaiiville rormaiion. 
Norinainille, SA 

Mik ini uiisinili.'t 


Ihninnan <v ul. 


0.28 1| 0.0 II 


0 273i0.0l2 


U.SOOlO.OlO 




Il333r0.006 
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liimliiiarsli Island. ,SA 

lUiii lni iiii.'tlfillls 

Port \\akericl(l. SA 




0.2t' 1 0.0O.3 


().37iO.O(i2 


0.5010.001 




0.3610,002 


. Uuilhirtl llll/H’Zhi 


Mil rray-Wal lace 
t7 ul 


0..^2:t0.0<i 


0.5 It 0.02 


0.5410.03 


- 


0.431 0.0 ( 


Ki iiiiy.t in 1 In itphnrt i 


( I9SS) 


()..'<2KUB 


0.31 10.07 


1 1.4010,02 


- 


0,38 GUM 


Holocene 

riiree Kiveis Creek, 














King Island. TA.S 

I'nkdlii lolifiiMtiki 


Miiriay-W.illace 


0.01 


0.05±ll.02 




O.o-Bo.ool 


lMi3Gi.00| 


(7n(»iM)yr ItP: 


lX: (ioedc 












St:A-2927) 


(IW3) 












Sir Kicliai'il Peninsula, SA 

Dimov th'lloiilys 


MuiTay-Wallace 


0 07i-(M)l 
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0.2710.01 


O.iOMI.OI 


0.l2-0,n0.S 
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Irom Ihc Scllicks Beach deposit also eweeeds that 
apparent lor representative e.vamples I'rom llie l.iUe 
iMcislocene Cilonvillc rormaiion ai Normanville and 
llindmarsh Isltind. h\u localities with comparahlc 
euneiit meiui nniiiial air icmperntnrcs and, as a 
eorollury, two deposits likely to have experienced 
similar diagenelie leniperaiiiro histories to llie 
Sellicks Beach de'posit, given Ihc caveat that the 
shells I'rom each deposit remained buried at depths 
>1 in I'or mueh oriheir diagenelic histiaries (Mon'ay- 
VVallaee c/ til. I9SK; Boiinnan d til. I do*.); Table 1). 
The lilanville Forimition. as originally dellned in ihc 



Adelaide region (Lndhrook 1076; t ann 197S) has 
been eorrelriled with Ihe last intciglaeial maximum 
(125 ka; Oxygen Isotope Suhstage 5c) based on 
thcrmoluminescencc, amino acid raeemisation and 
uranium-series dating of correlative deposits Iruiii 
other parts ol’ the South Australian coastline 
( Bciperio at ul. 1 9S4; Seinvebel 1 984; I kmtiey cf til. 

1 993, 1 904; Murray- Wallace 2000), 

Although the fossil molluscs from Ihe raised beach 
deposit at Sellicks Beach were iibiained Irom near- 
surface contexts (<5(l cm), the geomorphological 
and slratigraphical c\idence suggest that for part of 
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llitii tli.tiiaiLlii: liiNlitry, Ihc fossils wen: iimrc Jecply 
huriwi (i.e. ni leiisi I m). However, these molhises 
Will Iv.ivc ev|)criaica.l a hijilier inicgi'uied diageitelie 
icmpcraUiiv (han for I'ossils lhal have remaiiietl in 
nioiv deeply buried eonle vis I Table 1 1 . Current mean 
.iniiiiiil air lemperaunes (CMA'I ) at Setlii ks Ikacli. 
Normanville and llindmai>h Island are all 
approvimiuely 10® C , anil I7®< for Port Wakellold 

file extent ol raeeiinsatiun for the niaiority of 
ammo auds is sigmneanlly higher in llic molhises 
Iroin Sellieks' Heaeli eompaivd with those from 
Normanville and llindnuirsh Island (Table I). I he 
eliflerenee in extent ol raeemisation is less 
prononneed when compuied with the molluscs rroivi 
I’ori Wakefield which have evperieneed a higher 
diiipcneiie temperature ( fable I). As enireiu mean 
aniHial temperature at ihe I’oit Wakefield site is 
approximalelv I® t wanner Ilian at Sellieks Heach. 
and goeii that rales of laecmisiiiion me known to 
merease by up to 20 pei eeiil for sueh a leniperaiiiie 
diffcienoe iMeCov l‘)S7), the implication is that the 
shallow burial depth of Ihc shells at Sellieks Heach 
has eontrihuted to the high degree of meemismiun of 
ammo aeids within these lossils. 

Amino ueid IJ I ratios for Ihe mollnses from the 
Sellieks HeaeTi deposit range from the envelope of 
values representative of lasi interglacial age to 
piiieiiliiilly Ihe peiiiilliinale inieiglaeial (e. 220 ka; 
r)\vgeii Isotope Stage 7), as revealed in a plot olTIte 
extent ot' loeemisaiion against cncreni mean annual 
lemperaluie (and as a corollary, laliliale) (fig. 7) 
The lack ot elnstering and elnoiiologii til eonsistency 
ol the data suggests a diagenelie basis Itir the 
observed vari.ilion in eimntmmerie raiiivs rather ihan 
a genuine age variation between shells, file range m 
D.T ralios for Ihe shells from Sellieks Heach exceeds 
that lypiesdlv loiind for a single isotopic stage 
iMurray-Wallaee 2000). 

Although raeemisation rates are known to be 
gemis-speeilie (Miller .Si ITritdiam t irelle IOKO( Hits 
is unlikely to iieeuuiU solely li>r Ihe higher degree of 
laeemisation in the fossil PiiU'llci /St iilcll<i\lnil 
hiuuiMahi from the Sellieks Heach deposit 
compared with otiicr genera from llie tilanvdic 
I'urmaiion It is ihcrcrore concluded that tlie liighei 
degree of raeemisation in ihc molluscs from Sellieks 
Heach is due to f.isier rates of raeemisation, due to 
then shallow luinal depth duting late diagenesis 
resulting from Ihe progressive exhurnalioii ol Ihc 
deposiu and a genn.s-e'fleel on raeemisalion 

As ilie shells have been subjecied Ui varialvle burial 
dcpihs duting laic diagenesis. the inicgiaiccl rnie 
expression for raeemisation vva.s rcaiTanged wiib 
lempeTiilnre as ibe snbjeel to .issess whelher il i^ 
possible lo Iniluee the high exleiit t'fraeennsalioii al 
ambieni diagenelie lemperatnivs ovei Ihe course ol 
Ihe Holocene- As ihe timino acid analyses reported 
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lie. 7. T'tie I-XU'III nf v.llille f.iceinisutiun Injt.il .mil 
hydroljs.itel in Inxsil luollases ui Iti^i iiueOilii.'ljl age 
(Oxygen Kiilnpe Siibsiage ?e.i lioin suialieiii .Ausmilia 
liluiied agmiiM eiaivni mean annual air lempei'.iuire ("Cl 
10 illasliale die Selllek-. Deaeli dnln willdn a hiumler, 
reainnal lunicvi. Heiuils ol samples tmiii elscwheiv in 
Hiiiiiliem Ansiraliji aiv repniieil hv Murmy-Widliiee Al 
Helperin (HWI ) and Marr.iy-Walliiee .7 ti/. (lUni)). | pa 
aiiiiaii aeiil daUi lur Ihe Iasi iiilerglaeial niiilliisex aie ni 
aieiird with the evpoiiealial ireml id iiierea.sing c.xleal id 
lat'einisalinn w ilh liighia- ditigenelie lemperaliires amt as 
a eornllai-x. higher L'linvai mean animal lempelillllre^ 
Ihe Inssil innllilses friim die laised heaeh tleposH al 
Sellieks Heaeh ivveid a limad r.inge m exieiil id 
meemisatinii IVnm die emclupe nl'die la.si iaieiyliieial in 
v.dues ei'iiMsieni wall a peiiiildniaie inleicdaeial age 
|i ivygen Isniope Stage 7 e. 220 ka). \miim aeiJ fesnlii 
hn lliiliieene anil Singe 7 molhises are preseiaed as a 
Iriimewiirk for eomparison. 



here were undertaken on ililTcrcnl lossiK Irom those 
irsed tor Ihc radiocarbon assay ( Til k.i age; May iV 
Honrman |OK4i. ilic micgruicd diagenelie 
lemperaliire was ealeulaieU In esainine die 
possiliililv dun Ibe radiuearbun age was Ihe residl ol 
eliimee .sampling ol reworked PleisUieene shells 
vvninn .i Holocene deposit. A niiiiinium age of 7iuifi 
vcius was sclecicd fur the calculalioii. lepiVseiuide 
Ihc liimog of Ihc culinnialion of Ihc posl-glacuil 
maiinc Iransgrcssion in southern Auslralia iHclpciio 
tV til. 2002). and. Ihcrefoie. Ihe oldesi age likely fur 
an iniilisiurbed Holoeene coastal deposit ITie 
rationale foi this is dial die early Holocene rs die 
only time in the Hate ijuulernarv, apart frtaii die last 
iniciglacial ma.sinuim. lliat sea level was sulllcieilllv 
high ptdenlially lo form ihc raised beach. I’icsciil sea 
level IS not snincienlly high to form the deposit. 
I iiiThermore, intcrsladral sea levels of die fate 
I’leisuieeiie 1C liappell cl uL IddO) vveiv signifieantlv 
below picsent sea level .and would imply rales ol 
tectonic uplift of a magnitude iiHonsisicnt with the 
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\scll-osi;ibllslicil luuluniL' riiimcwui'k li'i lllf logion 
tV (//. Rdpcrio v! ill. 2002). 

•\m inciiiRc icnipetiiliMV rci.)iiiiv».l lo 

ilkliici.' Oic ili-'givc lO' laucmisaiiou mcM^urcc! m Ou; 
Ibssils iissiiininti, an ayn of 7 ka was Jelcrminotl iIuk: 
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wlific I i.s Ihc absnIiilL: icnipuaUiiv C'K.). H I , ani.1 
an.' [lie nnaniioiiKTif ralios of Ihc atul 

ilieii inoilcrii ci|uivalcnO rcspcciivcly. / is an 
assumed age (i.O. 7(io0 years) ami 1 5.77 ami .5039 arc 
cunsianl.s ilcriveil Iroin the empii'ieal rale eonsi.nu 
espre.ssinn ( VVchmillcr 10S2, 1003). Accordingly, an 
average diageiieiic iem|veiaturn o| 24“ ( vvoukl he 
necessary lo induce ihe estenl of raeeinisalion 
inea'.iire.il in the three .specimens ol Phil'IIij 
(SLU iilhi.\lrai laiicoMtihi (OW(iA- 0 ‘i 5 . -non arid 
-70.3) Ihini the raised hcach ilcposit il’lhcy were only 
7 ka. A vliagenclic lemperaUire of this value is 
unlikely, however, given ihai the cuiieni mean 
aiiinial air Icmperatuie a( Sellieks Re.'ieh i.s 
appro.viinaLcly 16'’ 1. .A prolonged, higher mean 
annual Icniperauue hy as much as X“ (. is unlikely 
over ihc course ol ihc lloloecnc for this region 
(( ha|ipell 1001) Tlnis, ihe e.Mcni ol r.aecmisaiion 
measured in ilie lossil inolluses (iom the raiscil 
heaeh deposit eoulil nol have heeii allaiued iJmmg 
ihe lloloeeiie. A penullmiaie mlerglacial age is also 
nol I'avoiircil. as ihe gravel heaeli deposii is unlikely 
lo have survived eiosirinal processes of the Iasi iwo 
glacial cycles. On lliis basis a Iasi mlerglacial age is 
fiivoiired for llie fuiserl gravel beach deposit al 
Sellieks Ue.ieh 

.W'oh'i tunk "' 

I he raised gravel beach deposit at Sellieks Beach 
pirivides a liirlhei oppoilunity lo evaminc ilie 
neoleclonie behaviour ol l leurieu I'eiimsula. 
I’teviaiis invesiigalioiis have revealed iluil Ihe lecnon 
has espei leneetl geologically recent nplil'l -is 
iiiiliealetl hy the elevnlion ol Iasi mierglaeiul coastal 
deposits (Bourman c i nL looo). 

Allhongh iiiaiiy gravel beach de(>Osits represent 
ivliitional sea-level indicators (i.e. always rurni 
above tidal ilauiin) and are therefore of only modest 
l■^•llabllily (( happen 10X7). several attributes of the 
deposit ,i( Sellieks Bc.aeh render it more reliable ha 
quaiitilyiii.u rales of neoieclonism. Ihc ad.iaeenl 



modern iiiieriidal plailorm has cleat ly lormed within 
a iiai'i'ow range of tidal daiiim .and represents an 
analogous fealiae lo llie Plei.stvuenc equivalent. I be 
upper reaches of the modem shore platform are 
covered hy boulders and cobbles presumably 
aeeiimulaied tiuring storm events, llviwevei. the 
sleep haekiiig slope of the cliff pivvcMils houlders or 
tniei clasLs from being deposited at any sigiiilkiuillv 
liiglicT elevation above livtal datum. 

rslim<ncs of 11 glaeio-eiislaiie sea level lor the last 
mleiglaeial (t >.\ygeil Isotope Subslage .5e) I’rom I vre 
I’eninsula su.ggesi a \.ilue of 2 ni AMI), ami 
represents a parlieuiarly reliable vlatum given the 
relative tectonic suiliilily ofihe (lavvler ( laloii upon 
which much of the liyiv Peninsula eoiisiline has 
developed (MuiT.'iy-Wall.iee tk; Belpei io |00| ). I luis. 
uplift of lire Sella ks Bench deposii by as intieh as .3 
HI is iiidie iieil baseil i»n llie elevulitin of the contaci 
helween 'he gravel deposit and ilie underlying 
ci'osional siirfaec ol the relict shore plalfoi'm. 

Ihe anioiinl of uplill since Ihc Iasi interglacial 
maximum. infciTed (rum the deposit al Sellieks 
Beach (e 3 m) is less than that observed ai 
Normanvillc (e, 10 m) to the south ul’the VVillunga 
l aiill (Bourman d uL 1000). Ihe uplill is ailribuieil 
to the eombiiicd eiVcels ol ongoing teeloiiie iiplifl ol 
the Adclaitlc Hills and erosioiial unloailing and 
associated enislal isoslaiie eompens,3tion. rurihei 
rescareh is required lo luodel these proeessc.s 
geophysical ty. 

C'undusimis 

The extent of raueinisalion lor seveial aiiiliio acids 
ill Ibssil molluscs from a raised gravel beach deposii 
at Sellieks Beach. Soiilli Australia, indicates that ihe 
deposii is, of I ale Plei.sioeeiu; .age. .and niosi likely 
lormed during the last inlelglaeial maxiuuim (e. 12.5 
ka: Oxygen Isotope Suhslage 3e). file deposit 
indicates up ui 3 m of uplift has oecuircd in this 
region since the last inierglacial and suggests that the 
region is still iindergtiing neoiectonie iiplifi. 
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